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            Introduction 

  The Pascal's additive law(1) of magnetic 
susceptibility is very well adopted to the 
aliphatic compounds but the values of molec-
ular susceptibility of aromatic compounds in 
the treatment as well as the aliphatic com-

pounds for the carbon and hydrogen atoms 
are diamagnetically smaller than the experi-
mental values. Pascal assigned this excessive 

parts of diamagnetism to the respective carbon 
atoms that form the condensed nuclei. Taking 
into account the constitutive corrections the 
larger the condensibility of benzene nuclei is, 
the larger the difference between the calculated 
values by additive law and the experimental 
ones becomes. 
  On the other hand, F. London(2) calculated 
the ratios of the diamagnetic anisotropies of 
various condensed aromatic compounds to that 
of benzene by a quantum mechanical pro-
cedure, based on Huckel's molecular orbital 
treatment, extending to the case of the pres-
ence of a magnetic field and obtained an 
excellent agreement with experiment. 
  In general, the diamagnetism of condensed 
aromatic hydrocarbons becomes larger with 
the increase of hexagon number, but it will be 
expected that the diamagnetic susceptibilities 
of condensed aromatic hydrocarbons with the 
same number of hexagon are changed by the 
form of molecule. Accordingly, the London's 
theory is applied to the theoretical calculation 
of the anisotropic part in the condensed 
aromatic hydrocarbons with four benzene 
nuclei and the experimental values are com-

pared. 

      Form of Chrysene Molecule 

 The X-ray analysis of chrysene crystal has 
been made by Iball(3). The crystal belongs to

the space group C62h (12/C) or C43 (1C). The 
dimensions of the unit cell are a=6.59, b=
7.84, c=14.17A, β=103.5°, and it contains 4

molecules. The crystal density 1.27, melting

point 250℃., boiling point 448℃., molecular

weight 228, and the form of molecule is plane 
and consists of regular hexagons with inter-
atomic distances of 1.41 A.

Fig. 1.

Theoretical Calculation

 The present calculation follows the same 

notation and procedure as London's paper.(4) 

  London's secular equation is as follows:

(1)

where

(2)

(3)

and (4)

 In Eq. (2), H is the field strength, xk etc
e are the coordinates and fkl can be considered 

as a numerical value proportional to the 
magnetic flux through the area of the triangle  (1) Cf., for instance, P. W. Selwood, " Magnetochem- 

istry ", New York, 1943. 
  (2) F. London, J. de Physique, 8, 397 (1937). 
  (3) J. Iball and J. hi. Robertson, Nature, 132,750 (1933); 

J. Iball, Proc. Roy. Soc. (London), A 146, 140 (1934). (4) F. London, J. de Physique, 8, 397 (1937).
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formed by the neighbors k, l and the origin, 
arbitrarily chosen in the plane of the molecule. 
In Eq. (3), Wkl represents the exchange integral 
in the presence of magnetic field and W1 is 
the ordinary exchange integral of the nearest 
neighbors of the orbital theory in the absence 
of magnetic field. In Eq. (4), E(1) is the 
ordinary first order perturbation energy and 
W0 is the Coulomb integral independent of the 
magnetic field. 

 Following the above conditions and the 
model shown in Fig. 1, the following secular 
determinant of chrysene molecule can be 
gained.

where and

and

For convenience' sake, εk is preferred toε*k in

case of the clockwise rotation about the origin. 

 This secular determinant can be transformed 

to the type as follows:

Therefore Eq. (5) can be separated into the 
solution of two determinants, namely

and

 Expanding △1 and △2, and after substitution

of ε by f, we have

(6)

(5)

(7)

(8)where

SB=the area of each hexagon.

Since Eqs. (6) and (7) have the form:

(9)

and f is very small, the second term may be 
considered as a correction. Accordingly, let x' 
be a root of F1(x)=0 and

(10)

be a root of Eq. (9), x" will be expressed 
approximately by

(11)

according to Newton's equation. In Eq. (11),
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F1' represents the first differential of F1 with 
regard to x. 
 Now we need nine roots of lower energy 

levels in eighteen roots of Eqs. (6) and (7). 
These values are shown in Table 1.

Table 1

(14)

 We measured the mass susceptibility of 

powdered chrysene by the modified Gouy's 
method(6) and chose the purified water as 

standard. This chrysene specimen had been 

extracted from coal-tar and purified by several 

recrystallizations and sublimations. The results 

obtained as follows:

where Xg and XM denote the mass and mole 

susceptibilities respectively. Accordingly, we

can deduce △X as follows:

(15)

 Substituting the values of x in Eq. (4), E(1) 
is given and a susceptibility contribution of a
π-electron becomes

(12)

From (4), (8), (10), (12) and numerical value
of Σ(x")we obtain the diamagnetic anisotropy

of chrysene as follows:

(13)

where △XBenz is the anieotropic contribution

of π-electrons in benzene.

Magnetic Measurements and Discussion 

 The principal diamagnetic anisotropies along 

the three principal axes of chrysene single 

crystal have been measured by K. Lonsdale and 

K. S. Krishnan.(5) These values are as follows:

using the modification of Pascal's additive 
law. (7) 

 This result (Eq. (15)) coincides closely with 
that of relation (Eq. (14)), and the result 
calculated according to London's theory (Eq. 
(13)) shows a relatively good agreement with 
the experiments. 

  The difference of K1 and K2 in chrysene is 
small but, in general, it is expected that the 
larger the discrepancy of molecular form from 
the circle is, the larger this difference becomes. 
Accordingly, the relative diamagnetic anisot-
ropies to benzene under the assumption of 
K1=K2 will become uncertainly, then it may 
be doubtful to compare the values of experi-
mental relative anisotropy to the theoretical 
values. These questions have to be discussed 
further in detail.

  In this experiment, the electromagnet was 
lent to the authors by the Glass Research 
Institute, Tohoku University, and they wish 
to express their sincere thanks to Prof. Hitoshi 
Tominaga and Prof. Genjiro Hazato, for their 
kind permisson and advice. 

  The authors thanks are also due to Mr. 
Saburo Fujii, who belongs to Tokyo Institute 
of Technology, for his enthusiastic discussion, 
and Mr. Sugiya Fujii, the staff of our institute, 
for his generosity in providing the chrysene 
sample.

Nenryo-Kenkyusho (Fuel Research Institute) 
      Kawaguchi, Saitama Pref.

then the anisotropic part per mole becomes
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Research Institue, Tohoku Univ., No. 3 (1949). 
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